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LONG-TERM GOALS
To theoretically study low-frequency, long-range sound propagation through a fluctuating ocean, including studies of 3D effects.
To compare obtained theoretical results with experimental data.
OBJECTIVES
To develop a new, modal, 3D theory of low-frequency, long-range sound propagation through an ocean with random inhomogeneities.
Based on this theory, to develop computer codes for calculating statistical moments of a sound field propagating through the ocean with internal gravity waves, internal tides, and spiciness.
To compare theoretical predictions with data obtained during the 1998-1999 and 2004 NPAL experiments.
APPROACH
Studies of the statistical characteristics of low-frequency sound waves propagating over long-ranges in a fluctuating ocean are important for many practical concerns, e.g. source detection and ranging. The main goals of our project are development of a new, modal, 3D theory of sound propagation in a fluctuating ocean, development of computer codes for processing of low-frequency sound signals recorded during the 1998-1999 and 2004 North Pacific Acoustic Laboratory (NPAL) experiments [1, 2] , and comparison between theoretical results and experimental data.
In studies of low-frequency, long-range sound propagation in a fluctuating ocean, a modal approach seems to be the most adequate one since, in this case, there is only a relatively small number of propagating modes. Modal approaches have been developed in a number of publications, e.g. [3] - [6] . However, they were rarely applied to practical problems due to high dimension of matrices involved. We have been developing a new, modal, 3D theory of sound propagation through a fluctuating ocean, which is based on the Chernov method for calculation of the first two statistical moments of a sound field. Our theory, in comparison to the most of the previous work, allows numerical calculation of these statistical moments in 3D.
We have also been developing computer codes for calculations of the statistical characteristics of lowfrequency sound signals recorded in the NPAL experiments. In the 2004 NPAL experiment, longrange sound propagation was mainly studied in the LOAPEX sub-experiment. Two vertical line arrays (VLA) were used to record low-frequency sound signals due to a sound source suspended from the research ship Melville. The sound propagation distance varied from 50 km to 3200 km.
WORK COMPLETED
The following tasks were accomplished in the FY06: 
RESULTS
In the FY06, the following results were obtained:
The mean field of a low-frequency sound wave propagating in a fluctuating ocean is an important statistical characteristic of this wave that can be measured experimentally. Furthermore, the mean sound field contains information about a spectrum of internal waves in the ocean. However in the literature, the mean sound field has not been studied in detail. Using the theory of multiple scattering, we derived an analytical formula for the mean sound field propagating in a fluctuating ocean [7] . The mean sound field is presented as a sum of normal modes that attenuate exponentially. The extinction coefficients of the modes were expressed in terms of the spectrum of random inhomogeneities in the ocean.
In Ref.
[7], the mean sound field was calculated for both 2D and 3D geometries of sound propagation in a fluctuating ocean. The comparison between 2D and 3D results allowed us to formulate some necessary conditions of 2D approximation in ocean acoustics.
Task 2.
Results obtained in the development of a modal, 3D theory of sound propagation in a fluctuating ocean were summarized in Ref. [8] . In particular, the coherence function Γ was expressed in terms of the cross-modal correlation functions ) , , (
. Here, x is the propagation distance, and and k η are spectral coordinates corresponding to the difference and half sum of the spatial coordinates of two hydrophones. Closed equations for ) , , (
were derived and computer codes were developed to solve these equations. 
IMPACT/APPLICATIONS
Formulas for the mean sound field and the coherence function of a sound field were derived using the theory of multiple scattering and modal, 3D theory of sound propagation in a fluctuating ocean. Computer codes were developed to calculate the cross-modal correlation functions. Computer codes were also developed for processing of sound signals recorded during 2004 NPAL experiment and calculation of the vertical coherence function.
RELATED PROEJCTS
1. The 1998-1999 NPAL experiment, which is described in [1] .
2. The 2004-2005 NPAL experiment, which is described in [2] .
